Oxytocin (OT) is a neurosecretory nonapeptide synthesized in hypothalamic cells that project to the neurohypophysis as well as to widely distributed sites in the central nervous system. Central OT microinjections induce a variety of cognitive, sexual, reproductive, grooming and affiliative behaviors in animals. Obsessive-compulsive disorder (OCD) includes a range of cognitive and behavioral symptoms that bear some relationship with OT. Here, we study the neuroanatomical and cellular substrates of the hypergrooming induced by administration of OT in the central nucleus of amygdala (CeA). In this context, this hypergrooming is considered as a model of compulsive behavior. Our data suggest a link between the CeA and the hypothalamic grooming area (HGA). The HGA includes parts of the paraventricular nucleus and the dorsal hypothalamic area. Our data on colocalization of OT (immunohistochemistry for peptide), OT receptor (binding assay) and its retrogradely labeled cells after Fluoro-Gold injection in the CeA suggest that CeA and connections are important substrates of the circuit underlying this OT-dependent compulsive behavioral pattern.
Introduction
Oxytocin (OT) is a nonapeptide, synthetized mainly in paraventricular hypothalamic nucleus (PVN) and supraoptic nucleus (SON) and classically stored and released into the systemic circulation from the posterior pituitary. 1 Oxytocinergic projections are found in prosencephalic, diencephalic and brain stem regions 2 where OT receptors have been detected. 3 The origin of these projections remains to be fully elucidated, but strong candidates for this are the parvocellular neurons of PVN. 2 Recent evidence points to the role of oxytocinergic system in mammalian central nervous system (CNS).
Thus, OT is implicated in grooming, [4] [5] [6] maternal, 7 sexual, 8 aggressive 9 and feeding 10 behaviors. Additionally, OT seems to act as an amnesic, 11 antidepressant, 12 anxiolytic 8, 13, 14 and antinociceptive 15 neuropeptide.
A possible relationship between OT and some forms of obsessive-compulsive disorder (OCD) was made recently. OCD is characterized by obsessions, that are concerns, doubts or extreme superstitious beliefs, and by compulsions that are meaningless acts executed repeatedly with the objective of alleviating the obsessions. 16 Some clinical data support the relationship between OT and OCD, but they are inconclusive. Using intranasal administration of OT in OCD patients, some authors found controversial results. In one study, an improvement of OCD symptoms occurred; 17 and in four others, intranasal administration of OT did not affect OCD symptoms. [18] [19] [20] [21] One explanation for these negative results might be the limitation of peripheral administration of OT, as it does not cross the blood-brain barrier in sufficient quantities to affect CNS processes. 22 In this regard, since neural circuits involved in OT release originated mainly in hypothalamic nuclei and present different peripheral and central pathways, 23 we can state that peripheral OT administration poorly influence central functions. Another explanation for these controversial results is the number of patients treated and the different types of symptoms involved in these studies.
Although Leckman et al. 24 have suggested a participation of OT in the pathophysiology of OCD, since high levels of this neuropeptide were found in the cerebrospinal fluid (CSF) of patients with OCD without tics, Altemus et al. 25 found no differences in CSF levels of OT when OCD patients were compared with control subjects. The latter research group does not discard that central circuits might be responsible for these result differences.
Some animal models of OCD have been proposed in the literature 26 and grooming behavior is a component of at least two models of OCD. 27, 28 Grooming is a spontaneous behavior that occurs widely in many species. 29, 30 This behavior seems to present a preprogramming status, resembling instinctive behaviors. Other functions associated with grooming are: selfcleaning; stimulation and development of some organs, such as mammary glands; social purposes and temperature regulation. 29 Grooming behavior, in general, is found in three contexts: as a direct reaction to peripherally stimulation and/or contamination (skin); as a displacement behavior, occurring in situations in which the animal experience behavioral conflict or indecision and as a reaction to recent arousal, waking up or stress situations. 29 These general contexts are directly, indirectly or not at all related to anxiety.
Various peptides, of both hypophyseal 31 and extrahypophyseal 32 origins, can induce an exacerbation of grooming behavior (hypergrooming). Grooming is induced by intracerebroventricular (i.c.v.) administration of peptides, such as adrenocorticotrope hormone, a-melanocyte-stimulating hormone, b-endorphin, OT or bombesin; 4, 33 or by electrical stimulation of the so-called hypothalamic grooming area (HGA) that consists of parts of the PVN and dorsal hypothalamic area (DHA). 34 Furthermore, a bilateral administration of OT in the central nucleus of amygdala (CeA) induces hypergrooming. 28 Previous work demonstrated neuroanatomical connections between the HGA and CeA, using an anterograde neuronal tracer injected in the HGA, 35, 36 and neurons were labeled retrogradely following injection of tracer HRP in the PVN, showing that the CeA project directly to PVN. 37 A variety of different functions have been attributed to the amygdaloid complex, including memory, attention, interpretation of emotional significance of sensory stimuli and the production of appropriate responses. 38 Several reports suggest that the CeA participates in fear and anxiety responses 39, 40, 41 and neurophysiologic studies demonstrated selective electrophysiological responses of the CeA to OT. 42, 43 A recent neuroimage clinical study (with positron emission tomography) showed an increased activity of left amygdala and striatal cortex of patients in a provoked paradigm to elicited symptoms of OCD. 44 Hypothalamus plays an important role in the integration of behavior associated with autonomic and endocrine responses, 45 and there are evidences suggesting that the location of the stimulated hypothalamic site is an important determinant of the type of behavior that is elicited. Using electrical stimulation of different parts of the hypothalamus, a large number of behaviors were elicited, such as locomotion, feeding, drinking, aggression, digging and grooming. 34, [46] [47] [48] Thus, it is conceivable that different types of hypothalamically elicited behaviors require activation of different parts of the brain. 36 Then, in the present study, we investigated if the CeA afferent connections are actually involved in the hypergrooming induced by microinjection of OT in the CeA and we interpreted these results in the context of the pathophysiology of OCD. We strongly propose that the hypergrooming induced by microinjection of OT in the CeA is a suitable model of compulsion.
Materials and methods

Animals
Mature male Wistar rats (59), 270-310 g at the beginning of the experiments, raised in our colony at the Animal Facility of Campus of Ribeirao Preto, University of Sao Paulo, Brazil, were housed under controlled conditions of light (lights on, 0600 hours; lights off, 1800 hours) and temperature (23721C), with ad libitum access to food and water. For statistical purposes, only animals that were correctly implanted with bilateral cannula in the CeA were used. All procedures utilized in all experiments were made in accordance with the Brazilian Society for Neuroscience and Behavior Guidelines for animal experimentation and all efforts were done in order to avoid unnecessary stress to the animals. This study was approved by the Ethics Committee on Animal Experimentation of the Ribeirão Preto School of Medicine, Clinical Hospital, University of São Paulo (protocol no 193/2005).
Retrograde tracer injections
Rats were anesthetized with a mixture of ketamine (1.0 mg/kg intraperitoneally (i.p.); União Química Farmacêutica Nacional, Embu-Guaçu, Brazil) and xylazin (0.7 mg/kg i.p.; Bayer, São Paulo, Brazil) and stereotaxically implanted bilaterally with stainless steel guide cannula into the CeA. The skull was leveled between the bregma and lambda. The coordinates of the CeA relative to the bregma suture were: anteroposterior, À2.0 mm; mediolateral, 4.0 mm and dorsoventral, 7.0 mm from bone in accordance with the Paxinos and Watson (1997) rat-brain atlas. To avoid infections and obstruction of the cannula, they were filled with stainless steel wire. In the groups, sal/OT and OT/sal, immediately after the implanta-tion of the cannula, rats were injected with the retrograde tracer Fluoro-Gold (FG; Fluorochrome, Denver, CO, USA) dissolved in 0.9% (w/v) sterile isotonic saline as a 2% (w/v) solution. The FG (50 nl) was delivered into the CeA with a 5-ml syringe (Hamilton, Reno, NV, USA, model 95N). Animals were returned to their home cages and maintained for 7 days to allow the FG tracer to be transported throughout the brain.
Microinjection procedures in the CeA After 3 days of recovery from surgery, the animals were daily handled during 3 days to decrease the stress of manipulation. On the 7th day after surgery, the animals received an injection of saline (0.1 ml) or OT (0.5 mg dissolved in 0.1 ml of saline; Sigma, St Louis, MO, USA) 4 and, 24 h later, an injection of OT or saline in the same dose in the CeA. In all animals, the needle was maintained 1 min inside the guide cannula after the end of the infusion. Immediately after the injection, the rats were placed in an acrylic box (30 Â 30 Â 30 cm) and the behavior was recorded using camera and video recorder. The injections were done between 1600 and 1800 hours. Therefore, four groups of animals were tested: group sal/OT (n = 18) first saline and in the next day OT, group OT/ sal (n = 13) first OT and in the next day saline, groups with an antagonist of OT (OTA)/0.5 mg (n = 12) and OTA/1 mg (n = 16) in which the animals were injected with OTA ((d(CH 2 )-vasotocin (Bachem, Torrance, CA, USA)) 49 ,50 10 min before OT (OTA þ OT) or to saline (OTA þ sal) injections, in intervals of 24 h. In the 3rd day, animals in the OTA groups did not receive injection of OTA, but were injected with saline 10 min before the injection of OT (sal þ OT). In the latter experimental groups, the animals were not injected FG after stereotaxic surgery and the doses were: 0.2 ml of saline; 0.5 mg of OT dissolved in 0.2 ml of saline and 0.5 or 1 mg of OTA dissolved in 0.2 ml of saline. In these cases, we used OT volume and dose as in Gati et al. 28 Those groups with OTA were designed to evaluate if the hypergrooming behavior induced by OT microinjection into the CeA was OT-selective and did not activate other system receptors, for example vasopressin. Figure 1 summarizes the experimental procedures.
Behavioral analysis
Grooming behaviors were quantified using an observation method described by Gispen et al. 51 Video tape record begins when the animal was placed in an acrylic box after CNS treatment injection and was observed during the next hour. Every 15th second, a point was scored if the animal displayed one of the following grooming behaviors, such as washing, general grooming, scratching, licking of paws, grooming of head, grooming of face, grooming of anogenital region or tail or grooming of another region of the body. The sum of points in 60 min is called the grooming score and the maximum value is 240 points.
Two others behavioral approaches were used to analyze group sal/OT. In the behavioral sequence flowchart (neuroethological approach), we can check for the flux of statistical associations between pairs of behaviors (dyads). 52 After digitalization, videos were analyzed and a behavioral dictionary containing all observed behaviors was built. Three periods were evaluated: the first (basal) comprises minutes 5 and 6 and the third (recovery) comprises minutes 55 and 56. The second period (peak effect) comprised different 5-min intervals for each treatment and animal to avoid a bias of selection. The criteria used are as follow: (1) possible intervals were chosen between minutes 25 and 50, as this was the period in which statistical difference was found in the grooming score ( Figures 3 and 4) . The interval chosen was the highest one for each animal and treatment; (2) when the animals display the same grooming score between minutes 25 and 50, the same interval for the other treatment in the same animal was chosen; (3) since flowchart analyses complete behaviors, if the animal presents a behavior in the exact minute that limits the grooming score analysis (for example, 25, 30, 35 and so on), the digital video was returned and the beginning of the 5-min interval was made coincident with that behavior. Based on the above criteria, in the behavioral sequence flowchart, only animals 13 and 14 were excluded because they fail to show hypergrooming behavior after 25 min.
The other behavioral approach was the waveform display analysis which shows the time course of grooming and other behaviors as they appear in the recording. 53 To capture behavioral data used in the waveform display analysis, we used the JWatcher, Figure 1 Schematic time-line protocols for stereotaxic surgery, habituation, microinjections and histological preparations. version 1.0 (http://www.jwatcher.ucla.edu), and to construct graphically the waveform we used the MatLab, version 6.5 (The Mathworks, Inc.; Natick, MA, USA). Taken together, all the ethological approaches used in this study contribute to a better characterization of the grooming behavior induced by OT microinjection in the CeA.
Perfusion, tissue preparation, OT immunohistochemistry and OT receptor binding Two hours after injection of OT, animals were deeply anesthetized with sodium thiopental (Abbott, North Chicago, IL, USA) 60 mg/kg and transcardially perfused with the aid of an infusion pump with 100 ml of saline phosphate buffer 0.01 M (PBS, pH 7.4), followed by 300 ml of 4% paraformaldehyde (PFA; Acros Organics, Geel, Belgium). Brains were removed and postfixed for about 2 h in PFA 4%, then cryoprotected in 20% sucrose for 1-2 days at 41C before being frozen in isopentane and sliced into 20-mm-thick coronal sections on a cryostat (Micron-Zeiss HM-505-E; Walldorf, Germany). Sections were mounted on gelatin-subbed glass slides to visualize FG fluorescence (wavelength of excitation and emission: 340 and 620 nm, respectively), which was present in cytoplasm, axons and dendrites of the neurons. After acquisition of the images, sections were stored at À201C until further processing. Nissl staining was used to reveal correct cannula placement. The protocol of immunofluorescence to label the OT (peptide) is as follows: sections were washed in 100 mM buffer PBS (pH 7.4) for 1 h in the dark, under soft agitation; washed in 100 mM glycine in PBS for 10 min, rinsed twice for 5 min in PBS. The sections were incubated for 1 h in a blocking solution of 1% bovine serum albumin (BSA) (Sigma), 0.1% Triton X-100 (Sigma) in PBS to block nonspecific binding of the primary antibody, under soft agitation. Sections were immersed in PBS with 1% BSA for 10 min. Sections were then incubated with primary antibody (rabbit-a OT; Peninsula Laboratories, INC, Belmont, CA, USA) diluted 1:2000 in (PBS-BSA) for 20 h in wet hood at room temperature. Sections were washed in PBS, incubated for 1 h with the secondary antibody (goat-a rabbit; Alexa 594; Molecular Probes, OR, USA) diluted 1:1500 in (PBS-BSA) and washed in PBS. The OT-labeled sections were subsequently processed for localization of receptors of OT through the technique of binding using Fluo-OT (OXY011; Advanced Bioconcept, Boston, MA, USA). Sections received two fast washes in 50 mM Tris-HCl (pH 7.4) and 10 mM MgCl 2 , then they were preincubated with isotonic buffer (50 mM Tris-HCl (pH 7.4), 10 mM MgCl 2 , 1% BSA and 1 mg/ml of bacitracin) for 10 min under soft agitation, at room temperature in the dark. Thus, the sections were incubated with the Fluo-OT diluted in isotonic buffer at the concentration of 200 ZM for 2 h in wet hood at room temperature and was protected from light. A control competition assay was performed with 40 ZM of Fluo-OT and 400 ZM of unlabeled OT. After this, all the sections were washed in 50 mM Tris-HCl (pH 7.4) and 10 mM MgCl 2 and rinsed six times for 2 min. Finally, the sections were mounted on gelatin-coated slides and coverslipped with Fluoromount G (Electron Microscopy Sciences, Washington, PA, USA).
Acquisition and analysis of histology images
All the sections were analyzed and their images were acquired with the aid of a digital system for image analysis. The system was composed of a microscope (Olympus BX-60; Tokyo, Japan). Microphotographs were taken with three CCD-Cool camera (Optronics 750 L; Goleta, CA, USA), using Stereo Investigator software (MicroBrightField, Colchester, VT, USA) and a confocal microscope (Leica TCS SP2 AOBS, Leica Microsystems, Heidelberg, Germany). Examined regions were identified by comparing with histological atlas plates of Paxinos and Watson. 54 
Statistical analysis
Behavior results were statistically analyzed using a Poisson model, 55 because our behavior results refer to a counting data. Thus, we considered that y ij is the number of observed grooming behavior for i-th animal in j-th time. So, the model proposed was
for group sal/OT and group OT/sal, we considered that
where, i = 1, 2, 16 animals, j = 1, 2, 24 times, Xij = 0 when the model was applied in animals initially injected with saline and, in the next day, with OT (group sal/OT) and X ij = 1 when the model was applied in animals initially injected with OT and, in the next day, with saline (group OT/sal). Thus, a j measures the average number of animals in the sal/OT group, a j e bj measures the average number of animals in the OT/sal group and b j measures the effect of treatment sequence. Furthermore, an additional random effect was incorporated, w i , which captures a possible correlation between counts for the same animal.
Another two parameters were estimated: y k and Z k , where y k = a k Àa k þ 12 measures the effect of the treatment in animals of group sal/OT, and
measures the effect of the treatment in animals of group OT/sal, to k = 1, 2, 12.
For group OTA, we used the same Poisson model, and we considered that l ij ¼ a j e w i
where, i = 1, 2,y, 7 animals, j = 1, 2, 3 treatments. Thus, a j measures the average tax for the j-th treatment and a random effect, w i, was also used. Another three parameters were estimated: y 1 , y 2 and y 3 , where y 1 = a 1 Àa 2 measures the treatment effect between OTA/sal and OTA-OT, y 2 = a 1 Àa 3 measures the treatment effect between OTA/sal and sal/OT and y 3 = a 2 Àa 3 measures the treatment effect between OTA/OT and sal/OT.
The PROC NLMIXED of the SAS Software was used to obtain the parameters estimations. Additional references supporting this model are presented. 56 
Results
Cannula placement
The correct cannula placement is presented in a schematic plate from the Paxinos and Watson (1997) atlas (Figure 2a ). All the behavior and histological results used in different analysis presented here are those from animals with correct bilateral CeA cannula placement (n = 29). Figure 2 shows an example of FGstained cells in the microinjection site ( Figure 2b ) and medial nucleus of amygdala (MeA; Figure 2c ).
Behavior
The grooming score obtained after injection of OT in the CeA was greater than after saline injection in both groups, sal/OT (n = 9) and OT/sal (n = 7; Figure 3 ). In the sal/OT group, an exacerbation of grooming behavior reaches a plateau between minutes 25 and 50, including the latter time window (Figure 3c ). In the OT/sal group, an exacerbation of grooming behavior reaches a plateau between minutes 20 and 45, including the latter time window (Figure 3d) . A sequence treatment effect was not found since comparisons between saline and OT treatments in both groups failed to show difference. Figure 4 illustrates behavioral sequences of the group sal/OT using the neuroethological approach. In this figure, three observation windows: baseline, behavioral peak and recovery, for both saline and OT experiments are depicted. Observe in saline panel, baseline window, the presence of a clear cluster of grooming (head, body, claws, scratching) behaviors (red symbols) interacting partially with another exploration cluster (blue symbols). Inside the grooming and exploration clusters (see dictionary of behaviors in Figure 4 legend), there is a great number o interaction between members of these behavioral categories. At the same baseline observation window in the OT group, we can also see grooming and exploration clusters but with a separation between them and strong statistical associations (arrow widths) between the members of the grooming cluster (red symbols). In addition to that, it is possible to detect in the same baseline window, a small cluster of orofacial automatisms (orange symbols; wet dog shakes (WDS) and mastigatory movements linked to immobility (IM)) only present in the OT group.
When we compare the behavioral peak observation window with its baseline window, we can see that in the saline group there is, in the exploration cluster (blue symbols), a preservation of all behaviors (sniffing, walking, scanning) with a substantial increase in duration only in IM. Although there is the appearance of mastigatory movement (MT) (yellow symbol), there is not a clear orofacial automatisms cluster and the grooming cluster has almost the same structure as the one displayed in the baseline window. However, when we verify the interactions between behaviors in the OT group (behavioral peak window), first of all, we noticed that, in the exploration cluster, there is a substantial reduction of frequency and duration of IM and an increase in association of behaviors in this cluster. At the same time, there is the presence of a clear-cut orofacial automatisms cluster (yellow symbols), with WDS and mastigatory movements linking yawning (YA) and IM. This cluster is absent in the saline group (behavioral peak window) and is even stronger than the one in the 'basal' OT window. Finally, in this window, a very strong grooming cluster (red symbols) is detected by the neuroethological method, with a significant increase in the frequencies of several behaviors of this category, the appearance of new grooming components (among them grooming of genitals; GRG) and, in addition to that, the appearance of stronger associations (red arrows) between those behaviors. This is the typical hypergrooming state. See flowchart methodological details and other data in Figure 4 (flowchart calibration, grooming frequency and duration histograms).
When we see the 'recovery' window, there is a very similar pattern of behaviors with a strong duration and a reduction in frequency in IM, with disappearance of all other behaviors (with the exception of MT in OT) in both saline and OT groups.
Although we performed waveform display analysis for all animals, we will present only an example from animals 7 and 17. Figure 5 (bottom left panels), from which were built flowcharts ( Figure 5 , right bottom panels) depicting behavioral sequences for that 5-min interval. All the animals (both saline and OT) displayed bouts of grooming in the initial period (near 20 min) of exposure to the novel environment. However, when we compared saline (Figure 5a and c) and OT (Figure 5b and d) , using the waveform display analysis, it is verified that grooming behavior persists beyond this period, only when the animal is injected with OT (Figure 5b) . Furthermore, additional grooming bouts (with individual profiles) are seen in the OT animals (Figure 5d ) after the same initial period of exposure to the novel situation, a situation never presented by the saline ones (Figure 5c OTA pretreatment in the OTA/1 mg (n = 6) group completely blocked the effect of OT induction of hypergrooming (Figure 6b ). This effect was dosedependent, since in the OTA/0.5 mg (n = 7) group the OTA treatment showed an incomplete effect (Figure 6a ).
Localization of afferent neurons
The results obtained indicated that the CeA receives afferents from groups of neurons located in the thalamus, hypothalamus, limbic system and brain stem ( Figure 7 ). For all 16 animals, the following structures were labeled bilaterally to the injection of OT in the CeA:
Hypothalamus. Periventricular nucleus (Pe), PVN, DHA, anterior hypothalamic area, lateral hypothalamic area (LHA), ventromedial hypothalamic nucleus. The number of positive cells in the DHA was scarce but strongly labeled.
Thalamus. The number of labeled cells as well as the intensity of labeling was usually higher in the paraventricular thalamic nucleus and paratenial thalamic nucleus. Forebrain. Caudate putamen and bed nucleus of the stria terminalis.
Limbic system. Labeling in limbic structures shows the injection site in the CeA and labeling in the medial amygdaloid nucleus.
Mesencephalic, pontine and bulbar region. Labeled neurons bilateral to the injection site were observed in the ventral tegmental area, substantia nigra pars reticulata, medial geniculate nucleus, lateral parabrachial nucleus and dorsal raphe nucleus.
Colocalization of OT-peptide immunofluorescence with FG and OT peptide with OT receptor FG is a neuronal autofluorescent retrograde tracer. We see that some nuclei send efferent projections to the CeA, including the HGA (Figure 7d and e) . Immunofluorescence techniques were used to label OT peptide (red staining) and binding techniques to label OT receptor (green staining). The colocalization of OT peptide with FG was observed in the HGA (Figure 8a-d) . A summary of FG and OT labeling is provided in Table 1 .
Labeling OT peptide provide us with a demonstration of clusters of oxytocinergic fibers and neurons 
Discussion
Our results clearly demonstrate that OT injected bilaterally in the CeA induced hypergrooming in Wistar rats, as shown by using three different methods of grooming behavior analysis ( Figures  3-5 ), in accordance with previous results. 28 With the first behavioral approach, the grooming score, we verified that the effect of OT CeA injection has a temporal pattern, since we found a plateau of hypergrooming between 25 and 30 to 45-50 min, including these latter periods (Figure 3 ). This temporal pattern is similar to OT injection in the ventricular system. 4 We assume that this behavioral effect is mediated by an action of OT on its receptor, since the CeA express large amounts of it 3 and the specific OTA treatment (1 mg) completely blocked the occurrence of hypergrooming induced by OT microinjection ( Figure  6 ). Although did an i.c.v. OT doseresponse curve, we did not do so with CeA microinjections, but used the optimal dose utilized by these authors, which was clearly effective in the current induction of hypergrooming and as said above, this hypergrooming was also blocked selectively by the OTA treatment.
The second behavioral approach, used for the first time to characterize grooming behavior, is related to flowchart construction, extensively used in our laboratory to analyze behavior components and sequences in epilepsy models. 52, 57 As shown by the current flowcharts, OT injection in the CeA induces powerful interactions between grooming behavior components with a variety of associations between these components (Figure 4 ). For example, we can observe an increase in the frequency of behaviors such as licking of claws and head grooming (GRH) compared with the initial control (saline) observation.
Another striking observation is the presence of GRG in the OT but not in the saline group, suggesting that OT induced this behavior, which is in accordance with the literature. 4 The OT induction of YA 58, 59 and the presence of orofacial automatisms (MTs), WDS and YA cluster, suggest that OT not only increases these behaviors individually, but increases the activation of a network involved with this specific cluster. Finally, besides the OT-induced decrease in IM, this peptide may stimulate circuitries with anxyolitic actions, as already demonstrated for CeA OT application, in the open field and the elevated plus maze. 8, 60 Stressful situations, such as environmental stress (shaker stress) and forced swimming, increase OT plasma levels 61, 62 probably acting as a counter mechanism of the anxiogenic situation. Grooming behaviors are mainly induced in anxiogenic and conflict situations. As a displacement behavior, it must act, probably through OT, as a counter mechanism to overlap the increased anxiety. In view of this, we suggest that when anxiogenic situations increase anxiety, it also increase OT levels leading to an increase in grooming behavior as well. But, additional experiments are necessary to totally clarify the mechanism underlying these processes. So, both OT and grooming behavior seem to represent counter mechanisms to block or alleviate anxiety.
The third behavioral approach, the waveform display analysis, allows a closest observation of the characteristics of OT action in the CeA in each animal. With this approach, we detect behavior dynamics, with continuous behavioral observation, in contrast to time-sampling methods used to perform grooming scores. 53 Figure 5 gives details of the differences between saline and OT microinjections in the CeA, mainly the persistence of hypergrooming in the OT group. Taken together, grooming score, flowcharts and waveform display analysis, our data clearly show that OT microinjection in the CeA induces a hypergrooming state characterized by an overall increase of grooming behavior components (grooming score and flowchart), notably GRG, LIC and GRH, a powerful interaction between these behaviors (flowchart) and a persistence of grooming behavior after the initial new environmental arousal (waveform display analysis and grooming score). As a whole, these are strong features that strengthened our view that OT-induced hypergrooming behavior is a suitable model of compulsion.
In this work, we did not directly evaluate other systems involved in grooming behavior except the OT system. Thus, an extensive discussion of this issue is beyond the scope of this study. However, dopamine and serotonin are involved in grooming and stereotypy movement sequences behavior. 27, [63] [64] [65] [66] Haloperidol, a dopamine-receptor antagonist, when injected in animals exposed to novel environment decreased the occurrence of grooming behavior. 63 There is a modulatory role of dopamine in the OT induction of grooming, possibly involving nucleus accumbens and D1 dopamine receptors. Animals injected with 6-hydroxydopamine in nucleus accumbens prevented OT-induced grooming. 67 Mice lacking dopamine D1 receptors slightly increase the presentation of grooming behavior when injected with OT, whereas a D2 dopamine-receptor antagonist fails to present similar results. 65 Serotonin seems to modulate grooming behavior as well. A chronic tryptophan restriction diet, that leads to low levels of serotonin in brain, disrupts grooming chain completion and increases face washing units alone. 64 The kind of serotonin receptors involved in the modulation of grooming seems to involve 5-HT2 receptors. An agonist of 5-HT2c receptor increases grooming behavior 66 and a 5-HT2A receptor antisense oligonucleotide, which increase 5-HT2A cortical sites and central function, and an agonist of 5-HT2 receptors, attenuated grooming behavior induced by an agonist of D1 dopamine receptors. 68 Studies involving OT and other systems, such as dopamine and serotonin, will help to elucidate their participation in the modulation of grooming behavior.
To better understand our results, the present study performed anatomical and functional experiments linking the CeA and HGA. The injection of FG in CeA labeled neurons in the HGA, constituted by PVN and DHA 36 ( Figure 7d and e). Using immunofluorescence to detect OT, we found that some neurons labeled with FG were oxytocinergic ones (Figure 8a-d) . Many varicosities on labeled fibers 'en passant' suggest that hypothalamic fibers are able to influence many parts of the brain along their way, 69 including CeA. 36 The distribution of oxytocinergic fibers was taken as an example of a peptidergic system that is possibly related to grooming behavior. 5 Our neuroanatomical results are in agreement with other studies showing connections between the HGA and CeA. Using an anterograde neuronal tracer injected in the PVN, labeling CeA neurons, 35 and in medial part of CeA, labeling PVN neurons, 36, 70 previous results demonstrated reciprocal projections between the CeA and PVN.
The colocalization of receptors (Figure 8e and f), peptide and retrograde connections suggests that hypergrooming behavior can be at least partially dependent on afferents to the CeA, mainly oxytocinergic, from areas related with this behavior, such as the PVN and DHA. As OT has a facilitatory role in oxytocinergic neurons in PVN, 71, 72 we suggest that the stimulation of PVN OT receptors by OT facilitate the induction of grooming behavior 73 and might induce a subsequently neurotransmission release of OT in the CeA. As CeA sends projections to PVN, 37 activation of the CeA OT receptors by OT showed here and possibly related to PVN and DHA activation, must form a circuit that, when overactivated, should explain the hypergrooming behavior described here.
A difficult point in understanding grooming behavior is that neuronal circuitry generating basic patterns of this behavior does not seem to be organized in discrete centers, but consists of a diffusely organized network in the brain. 74, 75 As pointed out in the waveform display analysis presented here, another difficulty is the extended dispersion of the grooming behavior in time ( Figure 5 ).
Although it may be overly simplistic, some forms of OCD are possibly influenced by OT and related systems. A range of symptomatology found in OCD patients, example, those related to contamination obsessions and washing, and those not related to tics, is congruent with a number of behavioral effects seen after the central administration of OT in animal models. 76 Leckman et al. 24 had not only observed increase of OT levels in the CSF of patients with OCD without tics, but also a significant correlation between the concentrations of OT and the severity of the obsessive-compulsive symptoms. Moreover, OCD includes cognitive and behavioral symptoms similar to those induced through a central injection of OT in animals. 24, 77 McDougle et al. 77 pointed out that the enhancement of grooming behavior after OT injection in the lateral ventricle in animals mimics rituals of cleanness in patients with OCD without tics. However, clinical data linking OT and OCD remains inconclusive. Altemus et al. 25 fails to show different OT levels in CSF between OCD and normal subjects. However, Altemus et al. 25 also pointed out that this result does not discard possible differences in specific neural circuits relevant to the pathophysiology of OCD involving OT or other neuropeptide activities. Intranasal OT in OCD patients fails to show symptoms improvement in four studies, but shows improvement in one study; however, additional and detailed experimental design would help answer this question. 17 Hastings 78 proposed a mechanism that would be responsible for the relationship between OCD and OT. A provoking situation or 'normal' doubt would induce the release of OT in limbic and autonomic regions. In these regions, the peptide would exacerbate unacceptable thoughts resulting in frequent and intrusive preoccupations as well as sexual and aggressive impulses. Given the positive feedback properties of this system under certain physiological conditions, 79 OT could sensitize the system leading to its own increased release. The discomfort associated with these concerns (obsessions) and the increased levels of central OT would result, at least in part, in accomplishment of compulsory rituals, such as grooming and compulsions of verification. These rituals would bring relief; however, they would activate the system again. This hypothesis is partially an extension of the anxiety-reduction theory of OCD. 80 The most important findings of the present study are shown in Figures 7 and 8 , which indicate the influence of limbic structures (such as the CeA) in grooming behavior. These limbic areas also receive projections from the brain stem and HGA, thus suggesting a possible neuroanatomical substrate of OCD related to OT, in an animal model of compulsive behavior.
Supporting this possible neurocircuitry, involving amygdala in OCD, are clinical data with functional neuroimaging showing activation of the left amygdala in a symptom-stimulation paradigm. 44 In that study, the authors found activation of the left amygdala in patients with contamination fear and washing behaviors, possibly linking clinical data with our experimental results. Kirsch et al. 81 showed that intranasal OT reduced amygdala activation in healthy subjects submitted to fear-inducing visual stimuli, supporting that OT release in the CeA participate in a fearreduction mechanism. As some regions of prefrontal cortex (PFC) are strongly related to OCD (e.g., right superior and dorsolateral regions of PFC), 44 ,82 a possible circuitry of anxiety-related symptoms in OCD patients (without tics) suggest a failure of inhibitory properties of projections from PFC to amygdala 44 and, additionally, a possible failure of OT receptors to respond to OT activation. Needless to say, the evaluation of this frontal-amygdala connection is much more difficult in experimental animals.
To support a possible OT-receptor's failure to respond to OT, we must consider some points. The existence of a 'chain' of anxiety-related events may occur in healthy individuals with 'normal' obsessions. 83 For example, in normal subjects, a contamination-fear obsession induces compulsive behaviors, such as washing behavior, and subsequently promotes a reduction in anxiety. In OCD patients, the mechanism in this 'chain' is probably not working and the failure must be localized in the OT system's response to OT stimulation, possibly in receptor and/ or in peptide structure. OCD patients without tics present more contamination worries, washing behavior and symptoms, predominantly related to anxiety 84 and increased levels of OT in CSF. 24 As OT has anxiolytic properties, 13, 85 we suggest that contamination worries and washing behaviors correlate to functional failure of the 'intended' anxiolytic action, but not of the compulsion circuitry, of the oxytocinergic system. Additional experimental and clinical data concerning this question would clarify the possible mechanism underlying OCD clinical subtypes, such as those suggested here. Therefore, the study of neural circuits involved in some behavior patterns is important for understanding the mechanisms underlying behavioral profiles, such as those found in OCD.
In conclusion, current data suggest that CeA is an important part of the circuit that includes hypothalamic and extrahypothalamic regions, responsible for hypergrooming behavior, an OT-dependent compulsive behavioral pattern.
